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NON-LINEAR RESONANCES IN ACCRETION DISKS AND QPOs
W  lodek Klu zniak1,2
RESUMEN
Secundamos las oscilaciones no-lineales en el disco de acreci on como una explicaci on de las \oscilaciones cuasi-
peri odicas" de alta frecuencia observadas en las curvas de luz de las binarias de rayos X de baja masa que
contienen estrellas de neutrones, agujeros negros o enanas blancas.
ABSTRACT
Non-linear oscillations in the accretion disk are favored as an explanation of high-frequency QPOs observed in
the light curves of low-mass X-ray binaries containing neutron stars, black holes, or white dwarfs.
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1. QPOs
Several variable frequencies have been detected
in the Fourier spectra of the light curves of several
semi-detached binaries, where the accreting compact
object is either a white dwarf, or a neutron star, or
a black hole. The width of the Fourier peaks clearly
shows that these \quasi-periodic oscillations" are not
coherent, and the time-scale of variability also indi-
cates that none of these frequencies can be attributed
to the rotation rate of the compact stellar remnant.
Some of the frequencies are correlated (Psaltis, Bel-
loni, van der Klis, 1999). That QPOs in neutron
stars, black holes and white dwarfs all follow the
same correlation (Mauche 2002, Warner, Woudt &
Pretorius 2003) indicates that the same phenomenon
is observed in all three types of sources. This points
to the only structure common to all of these systems,
the accretion disk, as the site where the frequencies
originate. QPOs have been reviewed recently in van
der Klis (2000) and Warner (2003).
The highest-frequency QPOs (HF QPOs) attract
most attention, For one thing, a QPO at 1.2 kHz
has twice the frequency of the fastest known radio
pulsar. For another, they seem to be occurring at
the dynamical frequency close to the inner radius of
the disk: kHz for neutron stars, hHz for black holes,
and fractions of a Hz for white dwarfs. No harmonics
of these frequencies have ever been detected. These
HF QPOs in neutron stars and black holes occur in
pairs of characteristic frequencies, unlike their single
counterparts in white dwarfs. Could this dierence
be ascribed to general relativity?
1Institute of Astronomy, Zielona G ora University.
2Copernicus Astronomical Center.
2. TWO CHARACTERISTIC FREQUENCIES
The old suggestion that one frequency is an or-
bital frequency and the other is the beat of the rst
with the constant stellar spin frequency is untenable,
because the frequency dierence of the two QPOs
varies by too much. An interesting question to ask
is what else can give rise to two variable, but char-
acteristic frequencies. The only answer suggested to
date is that the two frequencies are a result of non-
linear resonance (Klu zniak and Abramowicz 2000,
2003, and references therein).
3. NON-LINEAR RESONANCE
So far, this suggestion seems to work well. Mc-
Clintock & Remillard (2003) have found that HF
QPOs in microquasar occur at twin frequencies in
a 2:3 ratio, as expected for non-linear resonance
(Abramowicz & Klu zniak 2003). And in the ac-
creting, transient, millisecond pulsar, Wijnands et
al. (2003) nd two frequencies separated by one-
half of the 401 Hz spin frequency|such subhar-
monic separation is a hallmark of non-linear reso-
nance (Klu zniak et al., 2003; Lee, Abramowicz &
Klu zniak 2004; Klu zniak, Abramowicz & Lee 2004).
The frequency-frequency correlation of the two HF
QPOs in Sco X-1 (van der Klis et al. 1997), can be
explained by a system slightly o resonance, near
parametric resonance between vertical and radial
epicyclic frequencies (Abramowicz et al. 2003; Re-
busco 2004).
More work must be done, in particular to explain
the high quality (Q > 100) of the oscillation, but it
seems to be very dicult to avoid non-linear cou-
pling of accretion-disk modes as the explanation of
HF QPOs in neutron stars and black holes.
Supported in part by KBN grant 2P03D01424.
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